Inflammation contributes to the pathogenesis of ischemic acute kidney injury (AKI), and T cells mediate the early phase of ischemia-reperfusion injury (IRI). The Fas/Fas ligand (FasL) pathway modulates the balance of T cell subsets in the peripheral circulation as well as multiple inflammatory responses, suggesting that FasL may mediate ischemic AKI. Here, we induced bilateral renal IRI in mice bearing a loss-of-function mutation of FasL (the gld mutation) and in wild-type mice. Compared with wild-type mice, serum creatinine was lower in gld mice (1.4 Ϯ 0.9 mg/dl versus 2.6 Ϯ 0.4) at 24 hours after IRI (P Ͻ 0.05). In addition, gld mice had fewer TNF-␣-producing T lymphocytes in the kidneys and renal lymph nodes. Furthermore, pharmacologic blockade of FasL protected the kidneys of wild-type mice from IRI. Analysis of bone marrow chimeric mice suggested that the pathogenic effect of FasL involves leukocytes; reconstitution of wild-type mice with gld splenocytes attenuated IRI. In contrast, reconstitution of gld mice with wild-type splenocytes enhanced IRI. These data demonstrate that FasL, particularly on leukocytes, mediates ischemic AKI.
Renal ischemia/reperfusion injury (IRI) is a leading cause of acute kidney injury (AKI) in both allografts and native kidneys. 1 Despite advances in medical care, the mortality and morbidity associated with AKI after IRI still remains high, 2 and specific therapy is not available. Therefore, many studies have focused on elucidating the pathophysiology of renal IRI with the goal of identifying new therapeutic targets.
Inflammation has been demonstrated to contribute to the pathogenesis of renal IRI, with a role for leukocytes, adhesion molecules, and cytokines. 3, 4 Fas ligand (FasL) is a member of the TNF family that induces apoptosis by cross-linking its Fas receptor. 5 Fas is known to be involved in various forms of renal injury such as IRI 6 and tubular injury in glomerulonephritis. 7, 8 FasL is also believed to have a role in inflammation through recruitment of inflammatory cells, 9, 10 and induction of cytokine production. 11 Previous studies have demonstrated diverse results regarding FasL effects on various inflammatory processes, [12] [13] [14] [15] which may be related to the pleiotropic effects of FasL and expressing cell types. 16, 17 Besides lymphocytes, FasL is frequently expressed on epithelial and endothelial cells 18 and is critical for regulating T cell homeostasis. 19 A double negative (DN) T cell (CD3 ϩ CD4 Ϫ CD8 Ϫ ) population that is normally rare in the lymphoid tissues gradually accumulates in lymph nodes and spleens of mice bearing spontaneous loss-of-function point mutation of FasL (referred to as the gld mutation). In spite of accumulation of DN T cells and activated CD4 ϩ and CD8 ϩ T cells in mutant mice, FasL deficiency confers protection rather than exacerbation of organ-specific T cell-mediated autoimmune diseases. 20, 21 T lymphocytes are important mediators of IRI of kidney and other organs, and FasL could have a role in IRI through modulation of T cells homeostasis. Although various effects of FasL on IRI have been reported, [22] [23] [24] [25] little is known about the role of FasL in renal IRI, particularly from the angle of leukocytes.
In this report, we demonstrated using FasL-deficient (gld) mice and FasL-blocking mAb that inhibition of FasL significantly attenuated kidney IRI in mice. FasL deficiency induced decreased inflammatory cytokine production by T lymphocytes isolated from postischemic kidneys both in gld mice and wild-type (WT) mice treated with FasL-blocking antibody. Attenuation of IRI as assessed by functional and histologic parameters in WT chimeric mice reconstituted with gld splenocytes as compared with WT mice reconstituted with WT splenocytes demonstrated that the pathogenic effect was mediated predominantly by FasL of leukocyte origin.
RESULTS

FasL Deficiency Attenuated Renal Injury after IRI
Renal dysfunction was evaluated by measuring serum creatinine on 3 consecutive days after IRI ( Figure 1A ). The gld mice demonstrated lower serum creatinine compared with wildtype (WT) control group after IRI. (WT versus gld: day 1, 2.6 Ϯ 0.4 mg/dl versus 1.4 Ϯ 0.3; day 2, 3.3 Ϯ 0.2 versus 1.4 Ϯ 0.3; day 3, 2.7 Ϯ 0.3 versus 1.3 Ϯ 0.3; P Ͻ 0.05). FasL deficiency also improved survival after IRI. On day 3 after IRI, the mortality was higher in WT than in gld (40 versus 0%, P ϭ 0.02; Figure   1B ). When renal tubular injury scores were compared, gld mice had reduced tubular damage. There were significantly more damaged tubules in the outer medulla of WT than gld mice (58.6 Ϯ 3.3 versus 38.2 Ϯ 9.4% of damaged tubules, P Ͻ 0.05; Figure 2 ). Immunohistochemical staining with caspase 3 on day 3 after IRI showed decreased apoptosis in the tubules of gld than in WT mice (0.0037 Ϯ 0.0008 versus 0.0018 Ϯ 0.0007% of the total area, P Ͻ 0.05; Supplemental Text 1).
FasL Deficiency Reduced TNF-␣ Production in T Cells after IRI in Kidney and Renal Lymph Node When baseline characteristics of different leukocytes were compared between WT and gld mice, there was significantly higher frequency of CD3 ϩ CD4 Ϫ CD8 Ϫ double negative (DN) T cells of spleens and blood in gld than in WT mice (Supplemental Text 2). However, no significant difference of their frequency in the kidneys was observed between the two genotypes, although the kidney normally contains a large population of DN T cells. In postischemic kidneys at day 3 after IRI, the NK cell population was reduced in gld as compared with that in WT mice (WT versus gld: 13.1 Ϯ 1.6 versus 9.0 Ϯ 0.8% population; P Ͻ 0.05), whereas percentages of other leukocyte subsets did not change (Table 1) . Because FasL is known to modulate T cells homeostasis, we measured production of proinflammatory cytokines by T cells from ischemic kidneys of WT and gld mice using intracellular cytokine staining. TNF-␣ production in T cells from kidneys was slightly lower in gld than in WT mice 1 day after IRI (WT versus gld; 11.5 Ϯ 1.8 versus 6.9 Ϯ 1.1% population; P ϭ 0.06), but became significantly different on day 3 after IRI (WT versus gld; 15.5 Ϯ 4.0 versus 3.4 Ϯ 0.7% population; P Ͻ 0.05). T cells isolated from renal lymph nodes in gld also showed lower production of TNF-␣ compared with those in WT (WT versus gld; 53. Figure 4A ). Histologic assessment revealed reduced tubular damage in the medulla of Figure 1 . Improved renal function and survival after renal IRI in FasL deficient (gld) mice compared to wild type (WT). Serum creatinine in gld mice was lower compared with WT after bilateral renal pedicle clamping (n ϭ 11 for each group, panel A), and survival in gld mice was significantly higher at 3 days after IRI (B Figure 4 , B and C).
FasL-Blocking Antibody Reduced Inflammatory Cytokine Production in T Lymphocytes after IRI
We also analyzed the effects of FasL-blocking Ab treatment on cytokine production in kidney-infiltrating leukocytes. TNF-␣ and IFN-␥ production from total renal T lymphocytes at day 3 after IRI was markedly reduced in mice treated with FasL-blocking Ab compared with mice in the control group (control versus FasLblocking Ab: 20.7 Ϯ 2.5 versus 5.9 Ϯ 0.9 for TNF-␣ and 17.2 Ϯ 2.8 versus 8.6 Ϯ 1.1 for IFN-␥ % population; P Ͻ 0.05). Cytokine production from TCR␤ ϩ CD4 ϩ T lymphocytes at 3 days after IRI was also markedly reduced in kidneys of FasLblocking Ab-treated mice than in the control group ( Figure 5 ).
FasL Deficiency in Splenocytes Conferred Renal Protection after IRI
To determine the source of FasL effect on renal IRI, we generated three groups of partial bone marrow chimeric mice developed by adoptive transfer of donor splenocytes into sublethally irradiated hosts. Partial chimerism was verified with the population of CD3
Ϫ double negative (DN) T cells in spleens, with the fact that the pro- 
Table 1. Comparison of populations of T cells, B cells, NKT cells, NK cells, and macrophages in the postischemic kidneys between groups (day 3 after IRI)
Wild Type gld
Cell counts/ml 3.5 Ϯ 0.9 ϫ 10
high CD11c low ) among gated KMNC 2.9 Ϯ 0.5 1.7 Ϯ 0.5
Except for NK cells, which were lower in gld mice, there were no significant differences between groups. KMNC, kidney mononuclear cells. a P Ͻ 0.05 compared to WT.
portion of DN T cells in spleens was significantly different between wild-type (WT) and gld mice. As shown in Figure 6 , in gld mice reconstituted with WT splenocytes (WT into gld), the DN T cell population in spleen was decreased to the same level as in WT mice reconstituted with WT splenocytes (WT into WT), whereas the DN T cell population significantly increased in WT mice reconstituted with gld splenocytes (gld into WT).
Proportions of DN T cell population in spleens of WT into WT, WT into gld, and gld into WT were 3.3 Ϯ 0.8 versus 1.7 Ϯ 0.2 versus 26.2 Ϯ 6.5% population, respectively (P Ͻ 0.05).
Percentages of DN T cells in kidneys of different groups were similar. After IRI, WT into gld mice showed no differences in serum creatinine compared with WT into WT. By contrast, in gld into WT chimera, serum creatinine was lower at both day 2 and day 3 as compared with WT into WT after IRI (WT into WT versus gld into WT: day 2, 1.5 Ϯ 0.2 mg/dl versus 0.7 Ϯ 0.1; day 3, 1.5 Ϯ 0.4 versus 0.6 Ϯ 0.2; P Ͻ 0.05; Figure 7A ). Upon histologic assessment, gld into WT chimera showed less tubular damage in both the cortex and medulla than WT into WT chimera (WT into WT versus gld into WT: cortex, 7.6 Ϯ 2.7 versus1.0 Ϯ 0.4; medulla, 37.0 Ϯ 5.3 versus 17.1 Ϯ 4.3% of damaged tubules; P Ͻ 0.05; Figure 7 , B and C). WT into gld mice showed reduced tubular damage in the medulla as compared with WT into WT control (WT into WT versus WT into gld: 37.0 Ϯ 5.3 versus 16.7 Ϯ 4.0% of damaged tubules; P Ͻ 0.05; Figure 7 , B and C).
FasL Deficiency Effect on Myeloperoxidase Activity in Postischemic Kidneys
Myeloperoxidase (MPO) activity was measured in kidney extracts after IRI to assess the effect of FasL deficiency on neutrophil (also macrophages) infiltration. MPO activity, which was increased after IRI in WT, however, was not significantly different between gld and WT mice at day 3 after IRI (IRI WT versus IRI gld: 10.2 Ϯ 0.4 versus 7.9 Ϯ 2.4 pg/mg of kidney extracts; P ϭ 0.07; Figure 8A ). Among chimeric mice, WT mice reconstituted with WT splenocytes showed significantly higher MPO activity compared with other groups (WT into WT versus WT into gld versus gld into WT: 7.1 Ϯ 2.1 versus 4.4 Ϯ 2.0 versus 2.5 Ϯ 1.3 pg/mg of kidney extracts; P Ͻ 0.05; Figure 8B ). MPO level was significantly lower in mice treated with FasL-blocking Ab as compared with mice in the isotype control group (isotype versus FasL-blocking Ab: 4.9 Ϯ 0.7 versus 2.1 Ϯ 0.6 pg/mg of kidney extracts; P Ͻ 0.05; Figure 8C ).
FasL Deficiency Reduced Inflammatory Cytokine Expression in Postischemic Kidneys
Renal cytokines and chemokines were measured with protein samples extracted from postischemic kidneys of WT and gld mice at day 3 after IRI. IFN-␥ production in kidneys was lower in gld than in WT mice (WT versus gld: 17.5 Ϯ 2.5 versus 11.9 Ϯ 0.9 pg/mg of kidney extracts; P Ͻ 0.05; Figure 9 ). Among chimeric mice, MCP-1 production in kidneys of gld into WT group was lower than that in the other two groups (WT into WT versus WT into gld versus gld into WT: 4927.2 Ϯ 2917.9 versus 3554.4 Ϯ 1578.2 versus 736.2 Ϯ 171.7 pg/mg; P Ͻ 0.05; Figure 9 ).
DISCUSSION
In this study, we demonstrated that FasL deficiency conferred protection against AKI after IRI, and reduced production of inflammatory cytokines in T cells. Furthermore, our results implicated FasL on leukocytes rather than on nonhemopoietic tissues in kidney IRI. Fas/FasL interaction is known to induce cell death through activation of the caspase signaling cascade, leading to cleavage BASIC RESEARCH www.jasn.org of chromatin and loss of structural integrity. 26 FasL, whose expression is normally highly restricted, is frequently expressed on different cell types in the kidney including mesangial cells, tubular epithelial cells, fibroblasts, endothelial cells, and leukocytes. 18 Increased expression of Fas and FasL has been documented in various renal diseases and this pathway is believed to have a role in promoting renal injury through induction of apoptosis in glomerular and tubular cells. 27 However, manipulation of FasL expression has showed inconsistent results in renal injury, 18 suggesting diverse roles for this molecule. FasL is a major regulator of clonal expansion and peripheral homeostasis of T cells. 19, 26 Thus, it was expected that FasL deficiency would lead to T cellmediated autoimmune diseases and increase of activated T cells. However, despite persistence of autoreactive T cells, FasL deficiency prevents autoimmune diabetes. 21 Moreover, FasL cross-linking leads to recruitment of neutrophils and increased inflammation, 12 and FasL deficiency attenuates inflammatory cell infiltration and cytokine secretion. 11, 22 However, overexpression of FasL in dendritic cells decreased allergen-specific T cells and airway inflammation. 15, 25 Studies on the effects of FasL in IRI have also produced conflicting results. [22] [23] [24] [25] FasL expression was increased in infiltrating neutrophils and T lymphocytes after renal IRI; 28 however, little is known about their role in AKI after IRI.
We hypothesized that FasL would exert an important role in renal IRI through mediating inflammation. In our current study, FasL deficiency attenuated renal injury after IRI and improved survival. Renal protective effect from IRI in FasL-deficient mice (gld mice) was accompanied by reduced production of inflammatory cytokines by T cells isolated at different time points from kidneys of gld mice after IRI, which likely contributed to the attenuation of IRI. Previous studies have shown that TNF-␣ production synergistically enhance Fas-FasL expression and cellular apoptosis. 29 FasL is also important in mediating the cytotoxic function of T cells, 30, 31 and FasL deficiency confers beneficial effects on T cell-mediated corneal rejection. 32 We found that level of IFN-␥ in postischemic kidneys of gld mice was lower than that in WT mice, Figure 4 . Improved kidney function and tissue damage after IRI with FasL blocking Ab compared to isotype control Ab. Serum creatinine was lower in FasL-blocking Abtreated group after IRI compared with mice treated with isotype control Ab (n ϭ 7 for each group, panel A). On day 3 after IRI, post ischemic kidneys of FasL-blocking Ab-treated group showed decreased tubular damage compared with mice treated with isotype control Ab in medulla (panels B and C). Arrows indicate necrotic tubules and arrow-heads indicate necrotic debris. Magnification: ϫ200. #P Ͻ 0.05 compared with isotype control Ab group. which could also help explain attenuation of tissue injury in gld mice. Decreased production of the TNF-␣ and IFN-␥ inflammatory cytokines by T lymphocytes isolated from postischemic kidneys was also seen after treatment of WT mice with FasL-blocking Ab. Thus, both genetically and pharmacologically, loss of FasL function is associated with reduced production of inflammatory cytokines by the kidney-infiltrating T cells.
FasL deficiency could also lead to reduced neutrophil infiltration. This possibility was assessed indirectly by measuring MPO activity in postischemic kidneys. FasL deficiency resulted in a trend toward lower MPO level after IRI as compared with WT. In addition, the MPO level was significantly decreased by FasL blockade. Trafficking of NK cells into the kidney after IRI was different between WT and gld, but similar in mice treated with FasL-blocking Ab compared with mice treated with control Ab (data were not shown). The possible role for NK cells in mediating FasL effect on renal IRI is yet to be fully determined.
Recent studies have demonstrated Fas and FasL expression after IRI, 33 and the effect of this interaction was dependent on the cell types. 17, 34 To determine the pathogenic source of FasL, we generated three different types of partial chimeric mice. Chimerism was verified by studying splenic T cells. The proportion of DN T cells in blood and spleens of adult gld mice is usually significantly higher than that in WT mice. The frequency of DN T cell population in splenocytes of recipients was dependent on the genotype of donors. WT mice reconstituted with gld splenocytes showed more DN T cells in spleens than gld mice reconstituted with WT splenocytes. Importantly, renal protection was observed in WT mice that received gld splenocytes (gld into WT), as indicated by lower serum creatinine at day 2 and day 3 after IRI, and less tubular damage both in the cortex and in the medulla than WT mice reconstituted with WT splenocytes (WT into WT). In contrast, serum creatinine after IRI in gld mice reconstituted with WT splenocytes (WT into gld) was not different from that of WT into WT, although tubular damage in medulla was milder in WT into gld. This implies that FasL on leukocytes rather than on nonhemopoietic cells is the major mediator of the pathogenic effect of FasL seen during kidney IRI.
The increased proportion of CD3 ϩ CD4 Ϫ CD8 Ϫ DN T lymphocytes in blood and spleens of gld mice has been previously described. 21 Consistent with our previous study, 35 our current data demonstrated that normal kidney contained a large number of DN T cells. The proportion of DN T cells in kidneys, however, was not different between WT and gld mice. Similarly, the gld mutation does not change the frequency of intraepithelial DN T cell population. 36 Although an increasing body of evidence revealed the effect of DN T cells in immune response, 37, 38 their role in kidney diseases is not well known and a fertile topic for future studies.
In summary, FasL deficiency conferred renal protection after IRI, likely through reduced production of inflammatory cytokines by T lymphocytes. The importance of FasL in ischemic AKI was confirmed by complementary genetic and pharmacologic approaches using gld mutant mice and FasL-blocking mAb, respectively. Blockade of FasL on leukocytes may represent a novel therapeutic strategy for preventing ischemic AKI.
CONCISE METHODS
Animal and Experimental Protocols
Wild-type (C57BL/6J) and FasL-deficient (gld) mice on the same background (B6Smn.C3-Fasl gld /J) were purchased from the Jackson Laboratory (n ϭ 11 for each group). All mice were 8-week-old males and were housed in a specific pathogen-free barrier facility. The Johns 
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Hopkins University Animal Care and Use Committee approved all studies. Mice were anesthetized with an intraperitoneal injection of sodium pentobarbital (75 mg/kg). After abdominal midline incision, both renal pedicles were bluntly dissected and clamped with a microvascular clamp (Roboz Surgical Instrument, Gaithersburg, MD) for 30 minutes. During the procedure, mice were kept well hydrated with warm sterile saline at a constant temperature (37°C). After the clamps were removed, the wounds were sutured and the mice allowed to recover with free access to chow and water. Cohorts of mice were sacrificed on day 1 and day 3 after surgery.
Assessment of Renal Function
Blood samples were obtained from the tail vein before and at 24, 48, and 72 hours after renal IRI. Serum creatinine (mg/dl) was measured with a Cobas Mira plus autoanalyzer (Roche Diagnostics Corp., Indianapolis, IN).
Tissue Histologic Analysis
Mice were sacrificed at 72 hours after renal IRI. All kidneys were harvested after full exsanguination. Tissue samples were fixed with 10% buffered formalin followed by paraffin embedding, and then renal sections were stained with hematoxylin and eosin (H&E). Renal tubular damage was scored in a blinded fashion by a renal pathologist.
Caspase 3 Immunohistochemistry
Cleaved p17 caspase-3 is the active fragment of pro-caspase-3, which targets the key modulator of the apoptotic pathway and therefore represents a good marker for apoptosis. The staining was performed on formalin-fixed kidney sections (4 m), after deparaffinization and rehydration. Cleaved caspase-3 (17/19 kDa) was stained using rabbit anti-mouse polyclonal Ab (Cell Signaling Technology, Inc., Danvers, MA), following the manufacturer's protocol, with biotinylated secondary Ab to rabbit IgG (Jackson ImmunoResearch, West Grove, PA). Ten randomly chosen, nonoverlapping fields from the same section of renal cortex and outer medulla were captured (ϫ200, Olympus BX51, Japan). The area of positive staining (dark brown color) was calculated with a computer program, Image-Pro Plus (Media Cybernetics, Silver Spring, MD), and it was expressed as the proportion of stained area over the entire field.
Flow Cytometric Analysis of Kidney-Infiltrating Mononuclear Cells (KMNCs)
KMNCs were isolated according to a method previously described. 39 Briefly, decapsulated kidneys were immersed in RPMI buffer (Mediatech, Manassas, VA) containing 5% fetal bovine serum (FBS) and disrupted mechanically using Stomacher 80 Biomaster (Seward, UK). Samples were strained, washed, and resuspended in 36% Percoll (Amersham Pharmacia Biotech, Piscataway, NJ) followed by gentle overlaying onto 72% Percoll. After centrifugation at 1000g for 30 minutes at room temperature, KMNCs were collected from the Percoll interface, washed twice, and counted on a hemocytometer using trypan blue exclusion. Staining for surface markers of KMNCs was then performed as described previously. 39 Isolated KMNCs were preincubated with anti-CD16/CD32 Fc receptor-blocking antibody for 10 minutes to minimize nonspecific antibody binding. Cells were then incubated with anti-mouse anti-CD1d, CD3, CD4, CD5, CD8, CD19, CD69, IgM, TCR-␤, TCR-␥␦, and NK1.1 (all from BD Biosciences) for 25 minutes at 4°C, washed with FACS buffer, and fixed 1% paraformaldehyde solution. Four-color immunofluorescence staining was analyzed using a FACSCalibur instrument (BD Biosciences) and FCS Express V3 (De Novo Software, Los Angeles). Each assay included at least 10,000 gated events.
Intracellular Cytokine Staining
One million KMNCs were suspended in RPMI 1640 medium with 10% FBS, L-glutamine, and penicillin/streptomycin and incubated at 37°C in the presence of phorbol myristate acetate (5 ng/ml), ionomycin (500 ng/ml; both Sigma-Aldrich), and monensin (BD Biosciences). After a 5-hour culture, cells were washed and stained for surface markers using anti-CD4-PerCP and anti-TCR-␤-allophycocyanin Abs. These cells were then permeabilized in Cytofix/Cytoperm solution (BD Biosciences) for 20 minutes and washed twice with perm/wash buffer. Cells were then incubated with anti-TNF-␣-FITC and anti-IFN-␥-PE Abs for 20 minutes, washed with perm/wash buffer, and analyzed with a FACSCalibur instrument (BD Biosciences). Wild type mice reconstituted with gld splenocytes (gld into WT) show significant functional and histologic renal protection after IRI compared to wild type reconstituted with wild type splenocytes (WT into WT). Serum creatinine was significantly lower in wild-type mice reconstituted with gld splenocytes (gld into WT) at day 2 and day 3 after IRI compared with wild-type receiving wild-type splenocytes (WT into WT). Serum creatinine of gld mice receiving wild-type splenocytes (WT into gld) was not different from other groups (n ϭ 8 for each group; panel A). In histologic examination (B), tubular damage was significantly lower both in cortex and in medulla of gld into WT compared with WT into WT. WT into gld showed reduced tubular damage in medulla compared with WT into WT ( Figure 7C ). Arrows indicate necrotic tubules and arrowheads indicate necrotic debris. Magnification: ϫ200. †P Ͻ 0.05 compared with WT into WT. Figure 8 . Reduced myeloperoxidase activity in post ischemic kidneys in mice treated with FasL blocking Ab compared to isotype control Ab. Myeloperoxidase, which was increased at 3 days after IRI in WT compared with nonoperated WT mice, was not different in postischemic kidneys of gld compared with WT, but showed a trend to be lower (P ϭ 0.07; panel A). In the partial chimeric mice, WT mice reconstituted with WT splenocytes showed higher MPO activity compared with other groups after IRI (B). MPO level after IRI was significantly lower in FasL-blocking Ab-treated mice compared with isotype control Ab-treated mice (C). WT and gld: kidneys from nonoperated mice; IRI WT and IRI gld: postischemic kidneys at 3 days after IRI. *P Ͻ 0.05 compared with WT, †P Ͻ 0.05 compared with WT into WT, and #P Ͻ 0.05 compared with isotype control Ab group.
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In Vivo FasL Blockade
Neutralizing anti-FasL monoclonal IgG (MFL4) is previously described. 40 Anti-FasL MFL4 antibody (Ab) or control hamster IgG (n ϭ 7 for each group) were injected intraperitoneally (500 g per mouse). Bilateral renal pedicle clamping was performed 24 hours after Ab administration, and booster injection at half dose was administered into the peritoneal cavity immediately after reperfusion during the procedure. Functional and histologic parameters were assessed.
Comparison of Renal Function after IRI in Mice Receiving Sublethal Irradiation and Adoptive Transfer of Splenocytes
To determine the relative importance of leukocytes or organ resident cells on renal protection of FasL, we prepared partial bone marrow chimeric mice by adoptive transfer of splenocytes after sublethal irradiation. Single-cell suspension prepared from spleens of donors was injected intravenously (2.5 ϫ 10 7 cells) into sublethally irradiated recipients (800 cGy). Three types of partial chimera were developed. The first group was WT recipients receiving WT splenocytes and the second was WT recipients receiving splenocytes from gld mice, whereas the third group was gld mice receiving WT splenocytes (n ϭ 8 for each group). Bilateral renal pedicle clamping was performed in recipient mice 2 days after adoptive transfer. Functional and histologic parameters were assessed.
Measurement of Myeloperoxidase Activity by ELISA
Myeloperoxidase level in postischemic kidneys was measured in whole-kidney protein extracts in each experimental group at day 3 after IRI by ELISA (Hycult biotech, The Netherlands) according to the manufacturer's recommended protocol.
Bioplex Protein Array
A panel of cytokines was measured in whole kidney protein extracts using the Bioplex Protein Array system (Bio-rad, Hercules, CA), which is a multiplexed, particle-based, flow cytometric assay that utilizes anticytokine monoclonal antibodies linked to microspheres incorporating distinct properties of two fluorescence dyes. Our assay was designed to detect and quantify IL-4, IL-6, IL-10, IFN-␥, and monocyte chemotactic protein-1 (MCP-1). Each cytokine value was normalized by dividing the raw cytokine concentration (pg/ml) by the kidney protein concentration (mg/ml) measured by the Bradford assay.
Statistical Analysis
All data were expressed as mean Ϯ SEM). Group means were compared using Mann-Whitney analysis and ANOVA followed by Newman-Keuls post hoc analysis in GraphPad Prism version 4 (GraphPad Software, LA Jolla, CA). Survival rate was compared using Kaplan-Meier method in GraphPad Prism version 4. Statistical significance was determined as a P value Ͻ0.05. 
